overgrowing and destroying the fungal crop in a short period of time.
In healthy gardens, Currie et al. show that Escovopsis is held in check by specific antibiotics produced by bacteria living on the bodies of the ants. It seems hardly a coincidence that these bacteria belong to the genus Streptomyces, from which over half of the antibiotics used by humans are derived. Like the parallels between ant and human agriculture 9 , understanding this use of antibiotics by ants could be directly relevant to human survival. For example, whereas humans have been using antibiotics for fewer than 60 years (longer if you consider the medicinal use of moulds in the ancient Far East, or among the Greeks and Romans), ants have been using them for 50 million years. Given that rapidly evolving pathogen resistance seems to be outpacing human antibiotic development, we might ask how the attine antibiotics have remained effective against the fungusgarden pathogens for such a long time.
The answer probably involves an evolutionary 'arms race', in which garden pathogens and antibiotic bacteria (as well as fungal crops and ants) have evolved in tandem down various evolutionary pathways. The result is the particular assemblages of ants, fungi and bacteria that we encounter today. To understand how these assemblages came to be, we need to reconstruct and reconcile the evolutionary histories of each participant. Ideally, we also need to identify the closest free-living relative of the attine bacteria (probably an inhabitant of South American soils) and of the garden parasites (possibly a pathogen of free-living fungi).
Given the usefulness of the attine system as a model for symbiotic evolution 1, 8, 9, 12, 13 and the parallels between ants and humans, a comparative biological study within an evolutionary-historical framework may reward us with theoretical insights into symbiotic evolution, as well as with practical insights for such diverse fields as medicine and agriculture. But none of these rewards will be realized unless we conserve the rapidly declining rainforests, which are home to these irreplaceable end-products of vast spans of evolutionary time. two charge states of a 'single-Cooper-pair box' (see Box 1) by observing coherent oscillations between these states. Although the coherent quantum superposition of charge states was implied by several previous experiments [5] [6] [7] [8] [9] , this is the first time it has been observed directly. The audaciously simple idea behind the experiment is to align the energy levels of a Cooper pair (two electrons bound together in a superconductor) in the two electrodes of the Cooper-pair box using a voltage pulse of about 100 ps. When the levels are aligned, the Cooper pair starts to oscillate back and forth between the electrodes, and the oscillations are detected by monitoring one of the electrodes.
The question of whether the observed quantum coherence of the charge states is macroscopic or not is debatable in much the same way as the question of how many grains of sand are needed to form a sandpile. On the one hand, a Cooper-pair box has all the attributes of a macroscopic system. It consists of billions of atoms and the parameters of its charge states, most importantly their energies, are defined by the collective motion of the billions of electrons in the junction electrodes, and can easily be controlled by external signals. For instance, the charging energy depends on the geometric capacitance of the box, which reflects the collective screening properties of the electron gas in the box electrodes. Similarly, the amplitude of Cooper-pair tunnelling depends on contributions from each of the electrons in the box. This all points to an interpretation of the quantum coherence of charge states in the Cooper-pair box as macroscopic. On the other hand, the two charge states forming the coherent superposition differ in charge by only one Cooper pair. One Cooper pair tunnelling between these two states is identical to one electron tunnelling between two localized states, which is clearly a microscopic process. Because of this contradiction between the microscopic and macroscopic aspects of coherence of the charge states in the box system, it is probably appropriate to interpret this effect as 'mesoscopic' quantum coherence.
Besides its significance in the context of macroscopic quantum phenomena, Nakamura and co-workers' experiment 4 also demonstrates a practical solid-state qubit for quantum computation. At present, there is an intensive search for realistic approaches to the problem of building a quantum computer. Despite impressive progress achieved in this direction by NMR spectroscopy of organic molecules in solutions 10, 11 , it seems to be impossible to scale up the few qubit gates provided by the NMR technique for a practical solution to the problem. In contrast, solidstate structures offer a much greater degree of control over design and fabrication, necessary for constructing larger-scale devices.
Several O ne of the most significant developments in physics during the past 20 years is the clear and convincing proof that macroscopic systems, such as a superconductor with billions of electrons in it, can behave quantum mechanically. This conclusion changes the view, which was established in the early days of quantum mechanics, that there is a fundamental difference between the microscopic systems that obey quantum mechanics and the macroscopic world of classical physics. This has important implications for the conceptual foundations of quantum theory 1 , in particular quantum measurement theory, which is frequently described in terms of the separation of the microscopic object and the macroscopic measuring device.
The most fundamental demonstration of quantum mechanics at the macroscopic level would be the coherent superposition of two distinct quantum states, which is a purely quantum effect and has no classical analogue. This effect also has implications for quantum computing, because a quantum two-state system represents a single quantum bit, or qubit, which is the elementary building block of a quantum computer. Superposition of information states in qubits should make quantum computers fundamentally more powerful than classical computers, a prospect that attracts the interest of computer scientists and physicists, as well as government agencies. As part of a quantum computer, macroscopic qubits would have the advantage of being more manageable than their microscopic counterparts.
For a long time macroscopic quantum coherence remained elusive, despite observations of other macroscopic quantum effects 2, 3 . On page 786 of this issue, Nakamura et al. 4 report an important step towards its realization. The authors provide convincing evidence of quantum superposition of the solid-state qubits have been proposed in this context. The two major types of proposals are based on the dynamics of electrons in quantum dots 12 and on the dynamics of Josephson tunnel junctions [13] [14] [15] , which are formed when two superconductors are separated by a thin insulator. Superconductivity is the result of the correlated motion of electrons in Cooper pairs, and tunnelling of these pairs across the insulating layer of the junction creates a supercurrent. The supercurrent gets its name from the ability to flow without resistance and dissipation of energy. This ability makes Josephson junctions attractive candidates for solid-state qubits.
The coherence of the Cooper-pair box demonstrated by Nakamura et al. 4 supports the idea of Josephson-junction qubits by realizing two basic elements of junction operation as a qubit. It is shown that the junction dynamics can be reduced to two states, and that the parameters of the twostate system -the energy difference between the states and their tunnel coupling -can be controlled externally. Control over the tunnel coupling is achieved by replacing one Josephson junction of the Cooper-pair box with a pair of junctions in a superconducting loop -a system that is sensitive to an external magnetic field. Magnetic flux through the loop changes the relative phase of Cooper-pair tunnelling in the two junctions and modulates the total tunnel coupling. The ability to switch the tunnelling on and off, and to change the energy difference between the charge states by the gate voltage is sufficient to perform any transformation on the states of one qubit required for quantum computing.
The experiment also gives an idea of the strength of the decoherence in the Josephson-junction qubits. Decoherence occurs when a quantum system interacts with the environment, and is the main problem facing all quantum computers. In the experiment by Nakamura et al., considerable effort is devoted to minimizing interaction with the environment -the Cooper-pair box is cooled down to about 30 mK, and is carefully shielded from external electromagnetic radiation. Nevertheless, coherence is observed for only about six cycles of the Cooper-pair oscillations. The shape of the oscillations (a constant oscillation amplitude that disappears abruptly after a certain time interval) indicates that the decoherence is caused by a low-frequency noise. The likely source of this noise is charged impurities in the substrate or tunnel barriers in the box structure. This 'background charge' noise varies strongly from experiment to experiment, and further studies should make it possible to suppress it significantly and to increase the coherence time of the Josephson-junction qubits. It will then become possible to study other, more subtle, decoherence mechanisms in these qubits. It seems natural to expect that the progress of experimental solid-state quantum computation will be difficult, but this first successful step gives hope that it will continue despite the most daunting problems. 4 , the effectiveness of the Cooper-pair transfer depends on the energy difference between its states in the two electrodes of the box. The transfer becomes most effective when a gate voltage is applied to suppress the energy difference, leading to resonance and coherent oscillations. 
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Box 1 A box for Cooper pairs
